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ON THE DENOWSTRATION OF
BTAPEYLOCOCCUS ENTRROTOXIN

olloving is & translation of an article by Dr. Malte

enitz and Professor Doctor Ruwdolf Preunsr, Director
of the Eygiene Institute of the Hanseatic City of
Luebeck, in the German-language periodioal Zentralblatt

fusr Bakteriologie (Central News for Bacteri , .
2 ) pages 3=212, Bumitted on b Jun of"

2. Investigations into the Effect of Enterotoxin.fommi
ococel on Q ryos

ote: 1. “"The Xnown Biological Procedures” (1. Die
kennten biologischen Verfahren") appeared in the Zbl.

r. . (Centzad lo;a for Bacteriology), Vol. 168,
E’?o Poages L17-132,

!

The incubated hen egg serves in biology, and especially in virus
research, ar & frequently nsed test cbject and recoursé has often been
had to 1t for the infection with staphyloconsi. Green and Birkeland
iu , Knothe (8), Jern and Melensy (5), as well as Frappier and Sonea

3), have published interesting findings on this subjeot. It can be
acoapted as certain that the ahieck emd in the majority of cases dies
after injection of a fev staphylceocesct SXO0080\ ;mes Yar, aur.) -
(Lethal dose 50 sccosding to Frappier 7] gerus),
However, tewaxd the wnd of the incubation period, the seasitivity to
the infection clearly decreases. The cause of this mortality has by
no medns been clarified, S0 far, one may only assume that a part of
tho texins er hemolysins foxrwed by the staphylocecci has a damaging
effect on the chick embryo., This is also supported by the observations
of Knothe (8), that the inoculation of hen eggs vith a staphyloceccus
strain vithout pigment-formation and hemolysis (Microcoucus (1]
var. albus) ¢0es no recognizsble damage to the embryos.

We were interested in discovering whether enterotoxin-forming
staphylocci can be differwntisted in the infection test from those
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without. enterotoxin production. At the same time, the significanze of
the diminishing sensitivity of older chick embryos to infection with
stophylocccsd wms to be togisd., Ploally, o ointendesd 40 ochasive e
behavior of several sirains of micrococcus pyogenes var. albus in the
infection test.

- - ey

Katerial and Methods

Hen Eggs. Tha eggs, obtained from & chicken breeder, wure from
sickness-free stock. On the basis of previous experience, we chose the
eggs of one-year-old pullets, in each case of a single strain and
breed (browa Italian and orns exclusively). As far us possible,
pullets of the same weight (C) were used. In part, pre-incubated eggs
wvers used. These wexe brought to our Institute twenty-four hours be-
fore the start of the test. When the incubation was done by us from
the first, the age of the eggs never exceeded 48 hours.

Incubsation Technigue. Old-style electrical flat-surface incu-
bators m’m flat-surface incubators with roller
turers were used. Temperaturw regulation by contact thexmometer or
ether mexhrexe, Humidity mesasurement by hailxr hygrometer. Before
they were placed in the incubator, the egzs vers freed of coarse
dirt (not wvashed) and marked. Btarting tempereture 38.5°C (first
inoubation day). By reising the intrinsic heat of the eggs and
using the hesat-regulator, an end temperature of 39.59C was attained
(tventieth day). From the fourth up to the eighteenth day of incu-
bation, the eggs were tumed twice a day. Moving the eggs was done
in the way that is usual among incubator cperators. The daily
cooling prescribed for the use of flat-surface incubators was super-
fluous in viev of the daily candling check wvhich was conducted from
the ssventh inocubation day with simultansous elimination of eggs
that had died or were misformed (air bubble at the sharp.end, stec.).
Relative humidity - 50-60 percent, and 70-85 percent at hatohing.

Iﬁ-otion Technique. In thess tests, we used the allantoic
cavity que, e te que {s eanily learned and, properiy em-
ployed, seldom brings about by itsell the death of embryos., In oxrder
to exalude possidilities of mistakes in this connection, it is recom-
mended that some control series with an ipjection of 0.1 milliliter
of physiological salins solution precede the tests themselves, PFor
the injestion, we used tuberculin syringe and cannuls No. 20. The
hole, vhish after dlsinfection (with iodine alcoochol) of the shell is
made with an electric dental drill (1.5 mm dismeter Rosenkopf Arill),
should be Just passable with the camnula. The shell-membrans then re-
mains undamsged. Damage to the shell-skin, small hemorrhages and the
like must be recorded. The injsution dose of 0.2 milliliter can only
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increased after removal of ¢ rresponding amounts of the allantoic
fluid (2nd drill-hole), othecwise the inner pressure of the egg be-
comes too high. The imavaidahlae indure 4o the Sgi-GSRbiniwe iu tne
actual injection itself alrxost always leads to small hemorrhages in
eggs incubated for more than 12 days, but these, in our experience
have no influence on the hatching results. Breaks in the shell are
ssaled with adbhesive tape and Zapon varnish; the air bubble is marked
and its enlargement is checked daily as the criterion of the optional
air humidity in the incubation space.

Judgment of the C es in the + Only the death of tae
embryo is to used as the measure o e effeac of the injected
cultures, The first candling of the eggs with the test lamp takes
place 24 hours after the injection, and is repeated daily until
batehing. Often, there oceurs a transient or, sometimes persistent
swelling of some of the individual peripheral vessels, yet this is
no more a sign of incipient death of the egg than is the slackening
of the amnionperisteltis (average frequency with ten-days-old embryo
-= 16 minutes). If, after long wvaming over the test lamp there is
no movement ncomimble in the egg, » note of this is put in the
record. The next check usually reveals sure signs of death in these
egge. We regaxd as such the extensive involution of the visidle
vessels and the eonp:l.eto lack of active movements of the embryos that
are svimming "freu" in the egg, Remains of vessels are not infre-
quently visible Zor a rether long time. AZter the fourteenth incu-
bation day the judgment as to death becomes diffioult oving to a
diminution of active movements of the embryo in any case., The
vesscls are nov much moxe dirfisult to parceive, Hexe, one has to
rely on repcated checks and ones own expsrience.

Staphylocoacus Streins. As test streins, w used staphylococous
streins B- E 107, 161, 155 and 254 -~ recognized as sure exterotoxin-
formery == rm the rood Research Institute ip Chicago, and also
strains 360, 127 and 165, isolated frow the stool of patients with
postantibiotic enterocolitis. BStrain 165, like control strain 200,
and the coagulase-negative Oxford strain of our Institute, does not
produce measurable antitoxin. As & further contwol, we used 5 streins
of mierececou enes var. albus, All entearitis streins and strein
200 ehowed: & pon!iIn coagulase reaction, fermented Mannitol with-
in 24 hours, and liquefied gelatin in the stad culture in a funnel
shape., Nurther determination was mede in sach case of hemolysin
@oﬁ.nition and determination of the staphylococcus hemolysins ac-
cording to the generally-accepted principles, bibliographical list
in 17 , plgnent formation, sensitivity to seven antibiotics (sulfona-
mid, eryvhrowycin, penicillin, streptomyein, tetreoyelin, chloro-

mycetin, and oleandomycin) in the plate test, amd to erythromyocin and
penicillin again in the tubule dilution test.

«- 3.




The inoculation wes -- when not expressly otherwise descrivad
-= of cultures that wers sixteen hours old and incubated in grape-
sugsr broth under normal atmospherie conditionn at 37°C, with constant
maintenance of & 4osd Of 0.1 miLliliter. Asceriaimment oi the number
of germs in the individusl cultures was not carried out, since this
fuctor -- owvipg to the awift spreading of the staphylococei in the egg
-~ does not represent any source of error for the judgment of the
findings (3, 8).

Results

The behavior of enterotoxin-forming staphylogocoi in the in-
fection test with 94 days-old shick embryos is indicated by Table 1.
Ko eignificant differences from strains that do not form entero-
toxins, 1.e., strains 200, 165 and Oxford, could Le perceived.
Strein 196 offers the most striking result, in that it in contrest
to the other strains, Broduou high titers of 4 - nemolysin (mini-
mum hemolytic dose 1024) and also produces <« - hemolysin, In .
sddition to 196, only No, 165 shows & medium & - hemolysin titer
(minimuwa hemolytic dowe 64). The remaining streins form (X -
hemolysins exclusively.

The infection of 12 and 16 days old chick embryos confirms
the observation already made by Knothe (8) that, with the 1llth-12th
incubation day the sensitivity maxiwvm of the chick embryos to
injury by staphylocoocus toxins has passed. The differing results
in the case of the stiming tested are to be seen from Table 1.

Proceeding from the fast that the produstion of enterotexin in
cultures in s 20~30 percent 0Oy gefecus vapor stmosphere aan be con-
siderably intensified /Eibtliogrephy, see in 7/, we inoculated 9f
days-old chiok embryos with ocultures that been inoubated for 72
hours vith 30 percent COp atmosphere and at 379C (Table 2).

In addition to the micrococcus snes var. albus 1 (equals

lﬁ. alb. 1) from our colleotion, ve Eﬂoi four ﬂ%!ﬂoul straing,

) shov either a pigment formation or a positive comgulase
reacvion, did not fermwent Mannitol, apd othervise showed all the
charecteristios of a microaogsus enes var. albus, but whlch
nonetheless apparently oconsidered as the gexms supplying
s infeotion (eystitis, conjunctivitis). In contrast to staph. alb,
1, one found in these streins, in part, a very axtensive ingensitivity
to the seven antibiotics mentioned above. The findings resulting from
the infection tests with staph. alb. 1-5 are listed in Table 3.




E

(-)pozx0

(I)xse

{-)ooez

(x)ooe

L T I o N NI T s |

(2)9-s

{(7)19T

U I A I ]

(-)sor

llH'NMIA'IIIIHNﬂHMIAﬂAN|
EV b B oy ] N e
o]y N e NN NN Y N

VNI Nl N e e N ) ] e N ] ey

b N

{(=(m)96T

arRrye jo




|

SIJEX0] uixooINms = (9) (=

-/¢ (3Lt

N Mt M

NN~

[ | U VI

uNlllll

e Ul 0

1 e )~

O \O\OND \O \O

-9t (Tt

FyuRyg

(penmimoa T STORI)




Table 2

Infection tasta on 0 Anw-212 SLiGK embryos
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Fipally, we vere interested in the behavior of infected embryos
after treating with erythromycin. Some strains that had reacted guite
variously in the precedine tests -- atraina 196, 161, 127. 260, 1A%
and 200 -~ ware choassn for these tests. The sensitivity of these
strains to erythromyoin in the tubule d:lution test is noted in Table
4, Pollowing the udual injeoctlon of thu liauid culture, and after a
wait of 10 minutes, erythromycin (S8chering "Eryoin") in doses of 10
micrograms and 5 micrograms was subsequantly injected. The shifting
of the death time, and the higher survival rates, can, ip contrast to
the values obtained in the parallel test with embryos not treated wvith
srythromycin, be seen perfectly (Tauble L)

As soon as possidble after the established death of the embryos
the egg vas -~ in all the tests mentioned here -~ opened and the
contents examined, In many cases autolytic changes had made any de-
teminations impossible, Unfortunately, we were aleo unable to
carry out histologioal examinations. The macrosoopic pathological
anatomy findings correspondnd to those desorided by Knothe (8), Bx-
tended surface hemorrhages, including ones in the parenchymatous
organs, oould be obssxved by us in almost every case,

The inooulated straina could be bred from the sterile«removed
sllantoio fluid, A reporit is givea in the thiyd part of this study
(T) on the germs uocasionally to be bred out of the yolk and white
of hen egge:, It was possible 1o observe the surviving chiaoks fur-
ther, 80 faxr, they do not 4iffer in any vy from control animals of
the sano age. Inventory of uioro-organisms in the hatohing of ine
fedted animals wvas 00t carried out regularly. The ocultures prepared
fro:ichtokl treated wvith erythromyoin reusined sterile with few ex-
deptions.

Risouseion of the Nepudis

Dumonstration of enterotoxin-forwing staphyloscssi is nov
possidle vith the aid of the infection test on inouba ted hen eggs on
the tenth or twelfth or sixteenth inaubation day, The dsath of the in.
feoted ewbryos is evidently not induced by, or not exolusively ine
duoed by the staphyloocotous enterotoxin, This is indioated partiou.
larly by the observetion that sush enterotoxin-formers as strains L7
aid 187 display & leas injurious effect thau the 200 apd Oxfoxd nons
enterotoxin forming streins,

o .
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As we receivad, from Chicago, the five teat strains once again
in fresh cultures in the Spring of 1958 and used them directly for
the test after only ope passage, ‘he voaaibility of aszepsialion 18
fully sxciuaed in the case of strain 1U7. BStrain 127 was activated
beofre the beginning of the investigations in accoriance with the tech.
nique employed by Jorden and Burrows (6). However, no final con-
clusions are possible because vhile each strain, for exaxple, does
produce & - hemolysin this occurs at the same polnt in time with aif-
fering 1esults beipg found, apd so there can also occur some changing
titer levels during the growth in the hen egg.

Then again with incubation of the culture in a COp atmosphere,
@ poasible enterotoxin effect is obscured by the other toxins that
are simultanecusly rorming. The effect of the living bacteria and
the culture filtrates wuade from them on chick embryos ig not always
in our exparience identical.

The seancnal fluatustions in the sensitivity of chiok embryos
to effects from cutside -~ in particuwlar t0 injected toxins -~ is con~
sidored ip the discussion of the toxin tests (7). The findings re-
ported here were obtained in the February to April period, the most
favorable one for the vitality of chiok embryos. The naturel mor.
tality rete of embryos not incoulated or else treated with physioloe
glcal saline solution was, for these months -~ inoluding chicks that

failed to complete hatohing =-- barely ten percent sounting from the
firth incubation day onwarda.

If, among the multiplioity of staphylococous toxipns, ons seeks
the agent that is pathogenous for ohick embryos, then = hemolysin
and comgulase omn easily be excluded. - hemolysin is formed in
notable amounts only by streins 196 and 165, from among the straing
investigated by us. The nonetheless significantly effeative Oxfoxd
strmin 1s pexrfeutly coagulase-asgative, PFrequent attempts to ¢s-
tablich the lethal toxin (mouse intraperitoneally, rebbit intravenous-
ly) in Oxford filtretes, have 80 fur alvays failed., At the same time,
the K« hemolysin titexs (Technigue of Determination, See 7,) in.
sluded in Table 1 40 allovw certain relationships t0 be perqeived te.
tween titer levels und the number of emdbryos killed by the several
straine. Nevertheless O hemolysin cannot alone be held responsible

for the demth of the eabryos, as is visible from the findings of Tabdle
3

The hehavior of the five mirmine of micrococcus

enes Var
albus in the Jnfeotion test wae of wpeciml significance ‘or the

usstions asked in this study. As le known, enterotoxin-forming
"vhite" staphylokocol are not Infrequently isolated (1, 2, 9) in

w1l -
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cases of food poisoning. But after having obeerved enterotoxin-
forming staphylococel aleo exhibiting a negative coagulasc reaction
(11), cne has to reckon with the fact that a highly pathogenous
enteri‘is micro-organisn is hiding beneath an apparcntly hammless
ctaphylccoccus. The definition of the micronoccus pyogenes var., albug

or staphylocoscus albus 1s not consistent. Our routive procedure is
to regam ap sta ococcus albus the gram-positive coccl whick,
morphologiuslly, resemble the micrococcus pyogenes var. aureus and

vhich exribit poreelmin-ahite pigmentation, negative plasma-coagulase,
absansa of Manpitol fermentation, and absence of hemolysis. Btrains
2.5 =- vhich had been judged from these points of view -« and another
strain frem our collection (No. 1), were tested at the end of the
infection tests, after wvhich the infection of embryos with stauph.
alb., 1 was carried out as a control, parallel with the preceding ex-
periments; the regult was always negative. The death of the embryocs
in the eggs infected with staph alb. E and 4 surprised us, We iso-
lated the strains that had been inoculated, brought them once more
into the incubated hen egg after multiple passages of grape-sugar
broth on the 7 percent sheep's blood-agar plate (alternating between
aerobic and ansernbic inecubation) in the technique given by Knothe
(8), and repeated this procesc once more. The result of thess rether
time-gonsuning proceedingsy werc meager. The properties of staph, ald,
J.I 2 and S remained uncbmnged., Staph. alb, E like staph. alb, [ ex-
8 & weak Mannito) fermentation after about 50 hours; further,
staph. alb. 4 exhiblts & K- hemolysis on the seven percent-sheep's
blood-agax plate. 'The coagulase reaction of all strains was con-
sistently negative. The differentiation of qoagulass-negetive, non-
pigment foming, enterotoxin strains from similar ones without enters
otoxin effeat would be, in our opinion, extremely difficwlt. On the
other kapd, w would -~ by way of expanding the results of Knothe (8)
=« like to regand the infection test on the inoubated hen egg as a
good ariterion of the pathogenicity of the staph, alb. isolated in
human infection and, in partiocular, isclated frem othervise sterile
body fluids, Regardless of the pending classification problems, this
gives the doctor treating the oase an indication of the significance
of the mioro-organisms that axe generally regarded as apathogenoux.

It will be the task of further investigations ¢ define more
closely so far as possidle tha acmponents that are desdly to chiek
exbryos; they can evidantly bve peculiar to both these representatives
of the genus miorocvacus. The pathogenous effect of the - hemo-
lysin, of the entero~toxin, and presumably alsv of other texine,
BAles the suceess of such efforts very questionable to judge by our
experiancos so far.
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With respect to the problem ithat has been of particular inter-
est to us for a long time -- that of an effe~tive therepy for the
post-antibiotic staphylococcal enterocolitis .- e tried the ef-
fantivanesa in noms $23% 55idisa of saylusumycin \Schering “Eryecin”)
injected into the egg about 10 minutes after the liquid culture. In
spite of the high degree of dilution that the antibiotic undergoes
in the egg, it became clear that there was a clear shifting of the
death date with simultansous reising of the survivel rate, for the
embryos treated, Erythromycin in the doses we used has no perceptible
injurious effent on chick smbryos. It would be of interest to find
out the time period betwsen infection and treatment which atill lsaves
the life-maintaining or life-prolonging effect of the erythromycin
| perceptible, and vhereby, at the same time, the cunset of the irrepar-
able injury of infected chick embryos could be determined. The tegt-
ing of antiblotics in the chick embryos test (5) should count as a
200d criterion for the effectiveness of the medicine in vivo. /Note:
Ses also the reports of H, Knothe and D, Thon on antibiotics studies
(penicillin, streptomyein, tetracyclin) on the incubated hen egg in

Arzneimittelforschung (Medicaments Reseaxch, 6, 16-21 and T03-T12

The tests desoribed here did not bring any usable results as
regaxis a possible demonstration of enterctoxin-forming staphyloocel
through infection of incubated hen eggs, On the other hand we did
¢ £ind sowme very interesting points of approach for further experi.

! ments, wvhich would aim at an exact analysis of the wey in which dif-
| ferent stapuylococeus toxins affect the chick embryo. In this cone

' nection, the titer determination of the filtered, l1iquid, content of
’% infeoted eggs -- hitherto only used es & spot check -~ would be con-
| - ducted as routine., We hope further that we shall learn more of the

; course of death from an electrocardiogrem of the enbrro that has

been derived from a modified procedure of Wertheim-Salomonsen (12).
The question of vhat is the practical valus of such investigation for
r human wedicine can huxdly be better answered than by the statement of
. Romanof? and Romanoff (10): "the chick embryo is excellent test

zaterial because its tissues are more Or less susceptible to the same {
toxin as human tissues." (page 792).
Sumne ry

The visible effects of the infection of 9§, lé~ and 16-day
old chick embrycs is similar to the plcture that has been given so
far in the litexaturs ou infection with staphylococecl without enter-
otoxin production.
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Te incubation of the tested strains also in a 30 percent C0p
atmosphere brought no further results in each test seriea other than
the raising of the death rate.

Microcoscus pyogenes var. albus -- aceepied as apathogenous
for chlck embryos -- can have the same toxic effectiveness as micro-
cocous_pyogenes var. aureus. Tha infection test with micvorcus
Eyogenes var. albus on incubated hen eggs sbhould therefore be em-
ployed particularly in persistent infections (cystitis, conjunctivitis)
and as a pathogenicity test in the demonstration cf this micro-
organism in the fluid or the circulating blocd.

On treating infected chick embrycs with erythromycin (Sobering
“Eryein") a clear effect of this antibiotic was perceptible.
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